Three isomers of methacryloyloxyethyl naphthalenetricarboxylate anhydrides were synthesized , and their adhesiveness to teeth and non-precious dental alloys was investigated.
INTRODUCTION
It has been reported that several methacrylates improve the adhesive bonding between tooth substrates and dental resins, for example, an adduct of N-phenylglycine and glycidyl methacrylate1), 2-hydroxy-3-(p-tert-butylphenoxy) propyl methacrylate2), 2-hydroxy-3 methacryloyloxyethyl trimellitate anhydride (4-META)5), etc. 4-META also improves markedly the bonding to dental alloys5). It has been proposed that monomers with both hydrophobic and hydrophilic groups promote adhesion to teeth6,7). On the other hand, it has been reported that some monomers having both groups did not promote adhesion to enamel8), and that the adhesiveness of the monomers with a similar structure to teeth varied2,8,9). We have studied on the adhesion of 6-methacryloyloxyethyl naphthalene-1, 2, 6-tricarboxylate anhydride to tooth substrates10), and demonstrated that MENTA -126 promoted the bonding between the resin and teeth as well as 4-META . In the present study, we synthesized two other isomers of MENTA, and investigated the adhesiveness of the self-curing resins containing MENTA isomers to tooth substrates and non-precious dental alloys.
MATERIALS AND METHODS
Synthesis of MENTA Naphthalene-1, 2, 6--, -2, 3, 6-, and -1, 4, 5-tricarboxylic anhydrides were prepared according to the literature11). Subsequently, these naphthalenetricarboxylic anhydrides were refluxed with a large excess of thionyl chloride to give the corresponding acid monochlorides. By condensation with 2-hydroxyethyl methacrylate in the presence of pyridine, were obtained from the acid monochlorides of naphthalene-1, 2, 6-, -2, 3, 6-, and -1, 4, 5-tricarboxylic anhydrides, respectively. The products were characterized by infrared spectroscopy and elemental analysis. It was found by liquid chromatography that the MENTA-184 product contained a small amount of impurities, and that the other products were pure. The impurities in the MENTA-184 product were probably unreacted raw materials and/or unknown by-products.
However, the MENTA-184 product was used without further purification, since the amount of the impurities were very small. Adhesives The adhesives employed were the self-curing resins using methyl methacrylate (MMA) solution of each MENTA as a liquid, polymethyl methacrylate (PMMA) as a powder and partially oxidized tri-n-butyl borane (TBB-O)* as an initiator. The solubility of MENTA -236 to MMA were strongly dependent upon temperature . The addition concentration of MENTA-236 was limited to 0.8% by weight to allow complete dissolution during the adhesion procedure. The similar self-curing resin that did not contain any MENTA was used as the control. (See Table 1 ) Adherends Fresh bovine enamels and dentins were ground with emery papers up to #1000 under a continuous stream of water to give a consistent bonding surface. The ground teeth were treated with an aqueous solution of 10% citric acid and 3% ferric chloride12) (10% CA-3% Fe) for 30 seconds. They were then washed thoroughly with distilled water. A part of the ground *Orthomite Super -bond Catalyst, Sun Medical Co., Kyoto, Japan MPa of the bond strength even after 120 thermocycles. Although the MENTA-236 resin also showed about 10MPa of the bond strength after 120 thermal cyclings, its bond strength gradually decreased with an increase in the thermocycles. This may be due to the lower addition concentration of MENTA-236 to MMA. On the other hand, the initial bond strength of about 10MPa for the control resin was decreased down to about 6MPa after the thermal cycling (Figs. 3-5B) .
The constant bond strength of about 6MPa to treated dentin obtained by the control after the thermal change is probably due to mechanical interlockings by the resin tags formed in dentinal tubles. When the ground dentin surface is treated with 10% CA-3% Fe, the surface shown in Fig. 6 is obtained. The smeared layer is dissolved away from the surface, and the dentinal tubule orifices are slightly enlarged. The cross-sectional area of the enlarged orifices is estimated at about 20% of the adhesion area on the dentin surface. If the bond strength is only due to mechanical interlockings by the resin tags formed in the tubules, the bond strength of 6.8MPa can be calculated based on the tensile strength of the self-curing resin made by the brush-on technique, 34MPa14). This calculated bond strength is in fair agreement with the constant value for the control resin obtained after the thermal cycling. This estimation is also supported by the fact that the bond strength of the MENTA resins converged towards 7MPa after 250 thermocycles.
One of the interesting aspects in this work has been why more than 10MPa of the bond strength is obtained on treated dentin surfaces. There is one possible speculation proposed by Nakabayashi and his co-workers15). Figure 7 shows a fractured surface orthogonal to the interface between the MENTA-126 resin and treated dentin after demineralization by 6N hydrochloric acid for 30 seconds. The hydrochloric acid-resistant dentin zone is clearly observed as well as in the case of the 4 -META resin15) . A similar acid resistant zone was also revealed in cases of the other MENTA resins. The acid resistant zone resulted from the infiltration of the monomers into the dentin layer demineralized with 10% CA-3% Fe and the polymerization in situ. It is likely that the hybridized layer of demineralized dentin and polymer yields high bond strength.
However, the contribution of the hybridized layer to the bond strength may be dependent on the adhesive resins used. The acid resistant zone was also formed by the control resin as shown in Fig. 8 . The view in Fig. 8 may be morphologically identical to that of Fig. 7 
